Title of the Invention 
Power Regeneration Circuit and Power Conversion System 



Background of the Invention 
Field of the Invention 

This invention relates to a power regeneration 
circuit and a power conversion system. 

Description of the Related Art 

With reference to Fig. If a push-pull converter which 
is a kind of a power conversion system will be explained. 
In the push-pull converter shown< FETl designates a first 
switching element^ FET2 a second switching element, T a 
converter transformer, Vin a DC voltage source (for 
outputting a DC voltage vin) , Dl, D2 rectification diodes, 
L a choke coil, and CI, C2 first and second smoothing 
capacitors. 

SCI designates a first snubber circuit connected 
between the source and the drain of the first switching 
element FETl, and SC2 a second snubber circuit connected 
between the source and the drain of the second switching 
element FET2 . 

Assume that this push-pull converter is not provided 
with the first and second snubber circuits SCI, SC2 . In 
the case where the first and second switching elements FETl, 



FET2 turn off from on state f the current that has thus far 
flowed in the primary coil FN of the converter transformer 
T is reduced to zero instantaneously. Thus, a surge 
voltage (sharp voltage change) is generated between the 
source and the drain of the first and second switching 
elements FETl, FET2 due to the counter electromotive force 
generated by the leakage inductance of the primary coil FN 
of the converter transformer T. This surge voltage causes 
the breakdown or an increased operation loss of the first 
and second switching elements FETl, FET2. The first and 
second snubber circuits SCI, SC2 are provided for 
suppressing the surge voltage applied to the first and 
second switching elements FETl, FET2. Specifically, the 
first and second snubber circuits SCl, SC2 operate in such 
a manner as to reduce by absorbing the surge voltage 
generated between the source and the drain of the first and 
second switching elements FETl, FET2 due to the counter 
electromotive force. 

An operation waveform of the essential parts of the 
push-pull converter is shown in Fig. 8. In Fig. 8, VGl 
designates a gate voltage of the first switching element 
FETl, VG2 a gate voltage of the second switching element 
FET2, Vd2 a drain voltage of the second switching element 
FET2, Vdl a drain voltage of the first switching element 
FETl, ISl a snubber current of the first snubber circuit 



SCI, and IS2 a snubber current of the second snubber 
circuit SC2, 

The first and second snubber circuits SCI, SC2 of the 
push-pull converter are configured of a series circuit 
including first and second snubber capacitors COl, C02 and 
snubber resistors ROl, R02 . In reducing the surge voltage ^ 
therefore, a considerable amount of power is consumed 
wastefully^ thereby reducing the power conversion 
efficiency of the push-pull converter as a whole . 

Further, a large snubber current flows in the first 
or second snubber circuit SCI, SC2 and a great amount of 
electric power is consumed wastefully when the first or 
second switching element FETl, FET2 turns off or when the 
second or first switching element FET2, FETl turns on so 
that the source-drain voltage of the first or second 
switching element FETl, FET2 changes from Vin to 2Vin- 
This is another factor of reducing the overall power 
conversion efficiency of the push-pull converter. 

Summary of the Invention 
Accordingly, an object of this invention is to 
suppress the surge voltage generated when the first or 
second switching element turns off from on state on the one 
hand and to reduce the energy loss accompanying the 
suppression of the surge voltage thereby to improve the 
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power conversion efficiency on the other hand. 

(1) According to a first aspect of the invention/ 
there is provided a power regeneration circuit for a power 
conversion system comprising a converter transformer having 
an intermediate tap of the primary coil, a first switching 
element connected between an end of the primary coil of the 
converter transformer and the ground^ a second switching 
element connected between the other end of the primary coil 
and the ground, and a smoothing capacitor connected in 
parallel to a DC voltage source between the intermediate 
tap of the primary coil of the converter transformer and 
the ground, the power regeneration circuit being used for 
power regeneration of the power conversion system to turn 
on/off the switching elements with an in-between period of 
turning off both the switching elements, the power 
regeneration circuit further comprising at least 

a charge/discharge element connected in parallel to 
the coil portion between one end of the primary coil and 
the intermediate tap, and 

a charge/discharge path forming a first closed 
circuit of the coil portion and the charge/discharge 
element in response to the transition of one of the 
switching elements connected to one end of the primary coil 
to off state, the charge/discharging path forming a second 
closed circuit of the coil portion, the charge/discharge 



element and the smoothing capacitor in response to the 
transition of the other switching element to off state. 

In the description above and below, the term 
'"connection" is defined as not only the manner in which 
elements are connected directly to each other as in the 
embodiments but also the manner in which elements are 
connected to each other indirectly through other elements 
as far as the power regeneration described above is 
possible. Thus, the connection which may be either direct 
or indirect, includes the state in which the first 
switching element is connected between an end of the 
primary coil of the converter transformer and the ground, 
the state in which the second switching element is 
connected between the other end of the primary coil and the 
ground, the state in which the DC voltage source is 
connected between the intermediate tap of the primary coil 
of the converter transformer and the ground, and the state 
in which the smoothing capacitor is connected in parallel 
to the DC voltage source. 

The turning on of the first switching element or the 
second switching element is defined as the state in which 
the circuit is closed electrically, and the turning off 
thereof is defined as the state in which the circuit is 
opened electrically. In these cases, the first switching 
element or the second switching element includes not only 



an electrical element such as a transistor, a thyristor or 
a bidirectional diode, but also an element having a 
mechanical contact such as a relay contact or other 
mechanical contact which has the switching function. 

The converter transformer may take any form as far as 
it has at least one intermediate tap on the primary coil 
side. 

The DC voltage source should not be interpreted 
limitatively as a cell such as the primary cell or the 
secondary cell, but may take any form which generates a DC 
current- In this caser the DC voltage source may be either 
integrated with the power conversion system according to 
the invention or attached externally as an independent unit. 

The charge/discharge element, which is a capacitor, 
may be any other device having the function of storing the 
charge. . 

The smoothing capacitor may be an element in any form 
having the smoothing function capable of conversion into 
the DC current by suppressing the voltage variation of the 
DC voltage source. 

In the first aspect of the invention, the energy 
generated at an end portion of the converter transformer 
when the first and second switching elements turn off can 
be suppressed by charging the charge/discharge element, 
while the energy charged in the charge/discharge element 
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can be charged in the smoothing capacitor. The energy 
charged in the smoothing capacitor can be reused as a 
current flowing in the converter transf oirmer^ thereby 
making it possible to remarkably improve the power 
conversion efficiency. 

Preferably, the first closed circuit includes at 
least one conductive element connected between the 
charge/discharge element and the intermediate tap of the 
primary coil and adapted to conduct in response to the 
voltage increase at one end portion of the primary coil. 
The second closed circuity on the other hand, includes at 
least one another conductive element connected between the 
joint between the charge/discharge element and the 
aforementioned conductive element and the ground side of 
the smoothing capacitor and adapted to conduct in response 
to the voltage drop across the joint. 

(2) According to a second aspect of the invention, 
there is provided a power regeneration circuit for a power 
conversion system comprising a converter transformer having 
an intermediate tap of the primary coil, a first switching 
element connected between an end of the primary coil of the 
converter transformer and the ground, a second switching 
element connected between the other end of the primary coil 
and the ground, and a smoothing capacitor connected in 
parallel to a DC voltage source between the intermediate 
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tap of the primary coil of the converter transformer and 
the ground, the power regeneration circuit being used for 
power regeneration of the power conversion system for 
turning on/off the two switching elements with an in- 
between period of turning off the switching elements, the 
power regeneration circuit further comprising 

a first charge/discharge element connected in 
parallel to a first coil portion between one end of the 
primary coil and the intermediate tap, 

a second charge/discharge element connected in 
parallel to a second coil portion between the other end of 
the primary coil and the intermediate tap,- 

a first charge/discharge path forming a first closed 
circuit of the first coil portion and the first 
charge/discharge element in response to the transition of 
the first switching element to off state, the first 
charge/discharge path forming a second closed circuit of 
the first coil portion, the first charge/discharge element 
and the smoothing capacitor in response to the transition 
of the second switching element to off state^ and 

a second charge/discharge path forming a third closed 
circuit of the second coil portion and the second 
charge/discharge element in response to the transition of 
the second switching element to off state, the second 
charge/discharge path forming a fourth closed circuit of 
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the second coil portion^ the second charge/discharge 
element and the smoothing capacitor in response to the 
transition of the first switching element to off state.. 

In the second aspect of the invention^ the energy 
generated at one or the other end of the primary coil of 
the converter transformer when the first and second . 
switching elements turn off from on state can be suppressed 
by charging the first and second charge/discharge elements. 
On the other hand, the energy charged in the first and 
second charge/discharge elements can be charged in the 
smoothing capacitor. The energy charged in the smoothing 
capacitor can be reused as a current flowing in the 
converter transformer, thereby making it possible to 
remarkably improve the power conversion efficiency. 

Preferably, the first closed circuit includes a first 
conductive element connected between the first 
charge/discharge element and the intermediate tap of the 
primary coil and adapted to conduct in response to the 
voltage increase at one end of the primary coil, the second 
closed circuit includes a second conductive element 
connected between a first joint between the first 
charge/discharge element and the first conductive element 
and the ground side of the smoothing capacitor and adapted 
to conduct in response to the voltage drop across the first 
joints the third closed circuit includes a third conductive 



element connected between the second charge/discharge 
element and the intermediate tap of the primary coil and 
adapted to conduct in response to the voltage increase at 
the other end of the primary coil, and the fourth closed 
circuit includes a fourth conductive element connected 
between a second joint between the second charge/discharge 
element and the third conductive element and the ground 
side of the smoothing capacitor and adapted to conduct in 
response to the voltage drop across the second joint. 

Incidentally, a diode having the directivity of 
conduction is available as a conductive element making up 
the charge/discharge path. Nevertheless, the conductive 
element should not be limitatively interpreted as such a 
diode, but any element configuration, electrical or 
mechanical, can be employed which has such a function of 
conduction as to make up the charge/discharge path 
regardless of whether it has the directivity of conduction 
or not. 

Brief Description of Drawings 
Fig. 1 is a circuit diagram of a "push-pull converter 

according to an embodiment of the invention; 

Fig. 2 is a diagram showing the operation waveforms 

of the circuit shown in Fig. 1; 

Figs* 3A and 3B are diagrams for explaining the 
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operation of the essential parts of Fig. 1, In which 3A 
concerns a case in which the first snubber capacitor of the 
■first snubber circuit is charged while the second snubber 
capacitor of the second snubber circuit is discharged, and 
3B concerns a case in which the first snubber capacitor of 
the first snubber circuit is discharged while the second 
snubber capacitor of the second snubber circuit is charged; 

Fig. 4 is a waveform diagram for explaining the 
operation of Fig. 3; 

Fig. 5 is a circuit diagram showing a push-pull 
converter according to another embodiment of the inventions- 
Fig. 6 is a waveform diagram for explaining the 
operation in Fig. 5; 

Fig. 7 is a circuit diagram showing the conventional 
push-pull converter; and 

Fig. 8 is a diagram showing the operation waveforms 
of the circuit shown in Fig. 7. 

Description of the Preferred Embodiments 
This invention will be described in detail below with 
reference to the embodiments shown in the drawings. 

Fig, 1 is a general circuit diagram showing a push- 
pull converter as a power conversion system according to an 
embodiment of the invention. Fig. 2 is a diagram showing 
the operating waveform of the push-pull converter as a 
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whole shown in Fig, 1, Fig. 3 is a circuit diagram of the 
essential parts of the push-pull converter shown in Fig. 1. 
Fig. 4 is a diagram showing the operating waveform of the 
circuits of the essential parts shown in Fig. 3. in these 
diagrams, the component parts corresponding to those shown 
in Figs. 7 and 8 are designated by the same reference 
numerals, respectively. 

Referring to these diagrams, FETl designates a first 
switching element, FET2 a second switching element, T a 
converter transformer, Vin a DC voltage source, Dl^ D2 
rectification diodes, L a choke coil, Cl a first smoothing 
capacitor, and C2 a second smoothing capacitor. 

The first switching element FBTl, which is turned on 
by application of a high-level gate voltage VGl thereto, is 
connected in series between one end al of the primary coil 
FN of the converter transformer T and the ground. 

The second switching element FET2, which is adapted 
to be turned on by application thereto of the high-level 
gate voltage VG2, is connected in series between the other 
end a2 of the primary coil FN of the converter transformer 
T and the ground. 

The converter transformer T has the primary coil FN 
and the secondary coil SN. The primary coil FN of the 
converter transformer, in the presence of an intermediate 
tap ITl, has a coil portion FNl from the intermediate tap 
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ITl to an end al and a coil portion FN2 from the 
intermediate tap 1X1 to the other end a2 . Incidentally, 
these coils are wound on the central leg of a pair of E- 
shaped ferrite cores in opposed relation to each other not 
shown. As a result, the energy stored in the inductance of 
the converter transformer T is mostly stored in the ferrite 
cores. As described later, therefore, regardless of which 
of the coil portion FN or FN2 of the primary coil FN is 
used to regenerate energy, the same energy stored in the 
ferrite cores is regenerated. 

The DC voltage source Vin is connected between the 
intermediate tap ITl of the converter transformer T and the 
ground. The positive pole of the DC voltage source Vin is 
connected to the intermediate tap ITl and the negative pole 
thereof to the ground. The first smoothing capacitor CI is 
connected in parallel to the DC voltage source Vin. In the 
primary coil FN of the converter transformer T, the number 
of turns of the first coil portion FNl is equal to the 
number of turns of. the second coil portion rN2. 

The secondary coil SN of the converter transformer T 
also has an intermediate tap IT2. One and the other ends 
of the secondary coil SN of the converter transformer T are 
connected to each other through a first rectification diode 
Dl and a second rectification diode D2, respectively, on 
the one hand and connected to the output terminal OUTl 
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through a choke coil L on the other hand. The intermediate 
tap IT2 of the converter transformer T is connected to the 
other output terminal 0UT2. The second smoothing capacitor 
C2 is connected in parallel between the two output 
terminals OUTl and 0UT2. 

SCI designates a first snubber circuit, and SC2 a 
second snubber circuit. The two snubber circuits SCI, SC2 
make up a power regeneration circuit for the push-pull 
converter according to this embodiment. Incidentally, this 
power regeneration circuit can be called a surge voltage 
suppression circuit from the viewpoint of surge voltage 
suppression, and therefore according to this invention, is 
not limited in its naming. 

The first snubber circuit SCI includes a first ' 
snubber capacitor C3 as a first charge/discharge element 
connected in parallel to the coil portion FNl of the 
primary coil FN of the converter transformer T, a first 
snubber diode D3 as a conductive element connected between 
the first snubber capacitor C3 and the intermediate tap ITl 
and adapted to conduct in response to the voltage increase 
at one end al of the primary coil FN, and a second snubber 
diode D4 as a conductive element connected between a first 
joint bl between the first snubber capacitor C3 and the 
first snubber diode D3 and the ground side (the ground side 
shared by the first smoothing capacitor Cl, and all the 
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ground sides mentioned hereinafter are the same ground 
side) and adapted to conduct in response to the voltage 
drop across the first joint bl. The first snubber diode D3 
and the second snubber diode D4 make up a first 
charge/discharge path which charges the first snubber 
capacitor C3 with the energy stored in the primary coil FN 
when the first switching element FETl turns off from on 
state and charges the first smoothing capacitor CI with the 
charged energy when the second switching element FET2 turns 
off from on state. 

The second snubber circuit SC2 includes a second 
snubber capacitor C4 as a second charge/discharge element 
connected in parallel to the coil portion FN2 of the 
primary coil FN of the converter transformer T, a third 
snubber diode D5 as a conductive element connected between 
the second snubber capacitor C4 and the intermediate tap 
ITl and adapted to conduct in response to the voltage 
increase of the other end a2 of. the primary coil FN, and a 
fourth snubber diode D6 as a conductive element connected 
between a second joint b2 between the second snubber 
capacitor C4 and the third snubber diode D5 and the ground 
side of the first smoothing capacitor CI and adapted to 
conduct in response to the voltage drop across the second 
joint b2. The third snubber diode D5 and the fourth 
snubber diode D6 make up a second charge/discharge path 
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which charges the second snubber capacitor C4 with the 
energy stored in the primary coil FN when the second 
switching element FET2 turns off from on state and charges 
the first smoothing capacitor CI with the charged energy 
when the first switching element FETl turns off from on 
state • 

With reference to Fig, 2, the operation of the push- 
pull converter having the aforementioned configuration will 
be explained. In Fig. 2, VGl designates a gate voltage of 
the first switching element FETl, VG2 a second gate voltage 
of the second switching element FET2, Vd2 a drain voltage 
of the second switching element FET2^ Vdl a drain voltage 
of the first switching element FETl, Idl a drain current of 
the first switching element FETl, Id2 a drain current of 
the second switching element FET2, VSl a voltage at one end 
of the secondary coil SN of the converter transformer T, 
VS2 a voltage at the other end of the secondary coil SN of 
the converter transformer T, Vout the output voltage 
between the output terminals OUTl, 0UT2/ and IL the output 
current flowing in the choke coil L, The high level of the 
waveform indicates an active state. 

The first switching element FETl and the second 
switching element FET2 turn on in response to the rise to 
high level of the first, gate voltage VGl and the second 
gate voltage VG2, respectively, applied to the gates of the 



respective switching elements. The first switching element 
FETl and the second switching element FET2 turn off in 
response to the drop to low level of the first gate voltage 
VGl and the second gate voltage VG2^ respectively, applied 
to the gates of the respective switching elements. In this 
way, the first switching element FETl and the second 
switching element FET2 operate in response to the change of 
the first gate voltage VGl and the second gate voltage VG2, 
respectively, shown in Fig. 2, In other words, in Fig, 2, 
the first switching element FETl and the second switching 
element FET2 turn off alternately except during an 
intermediate period when both are off. 

The case in which both the first switching element 
FETl and the second switching element FET2 are off. In the 
primary coil FN of the converter transformer T, assume that 
the voltage across the coil portion FNl from the 
intermediate tap ITl to an end al thereof is designated by 
Vpl and the voltage across the coil portion FN2 from the 
intermediate tap ITl of the primary coil FN of the 
converter transformer T to the other end a2 is designated 
by Vp2. 

Then, the drain currents Idl, Id2 fail to flow in the 
first switching element FETl and the second switching 
element FET2 . Therefore, the drain voltages Vdl, Vd2 
thereof assume the value of the DC voltage source Vin, i.e., 
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the relation holds Vdl - Vd2 = Vin. 

Next, an explanation will be given about the case in 
which the first switching element FETl turns on after the 
off period of both the first switching element FETl and the 
second switching element FET2 . In the process, the drain 
voltage Vdl of the first switching element FETl is zero. 
Therefore, the coil voltage Vpl assumes -Vin^ while the 
. other coil voltage Vp2 assumes the polarity reverse to the 
coil voltage Vpl, with the result that -Vpl = Vin. In 
other words, the drain voltage Vd2 of the second switching 
element FET2 is given as Vin + Vp2 = Vin + Vin ^ 2Vin. 

The reverse is true in the case where the second 
switching element FET2 turns on after the off period of 
both the first switching element FETl and the second 
switching element FET2 . In other words, the drain voltage 
Vdl of the first switching element FETl becomes 2Vin. At 
the same time, the drain voltage Vdl of the second 
switching element FET2 is zero. 

In this way, the drain voltages vdl, Vd2 of the first 
switching element FETl and the second switching element 
FET2 are changed to zero, Vin, 2Vin, and the drain currents 
Idl, Id2 also flow in a corresponding manner. 

The coil voltages VSl, VS2 of the secondary coil SN 
of the converter transformer T, after being rectified by 
the rectification diodes Dl, D2, are smoothed by the choke 
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coil L and the second smoothing capacitor C2, and output as 
an output voltage Vout between the output terminals OUTl/ 
0UT2. In the process, the output current IL flowing 
through the choke coil L undergoes a change as shown in Fig* 
2. 

In Fig. 2f when the first switching element FETl and 
the second switching element FET2 turn off from on state, 
the drain voltages Vdl^ Vd2 thereof overshoot. In the case 
where only the first switching element FETl turns * on from 
the state where the first switching element FETl and the 
second switching element FET2 are both off^ for example, 
the current of the DC voltage source Vin passes through the 
primary coil FN of the converter transformer T and further 
flows to the ground through the source-drain circuit of the 
first switching element FETl. In the process, the energy 
corresponding to the current flow is stored in the 
inductance component of the coil portion FNl. As a result, 
the first switching element FETl turns off from on state, 
and the moment the first switching element FETl and the 
second switching element FET2 are both about to turn off, 
the energy stored in the inductance component of the coil 
portion FNl tends to be discharged by .generating a high 
voltage- Since the first switching element FETl and the 
second switching element FET2 both turn off, however, the 
drain current Idl, Id2 do not flow, and therefore the 'drain 



voltages Vdl, Vd2 should assume the value of the DC voltage 
source Vin, i.e. the relation should hold Vdl = Vd2 ^ Vin. 
However/ the drain voltage Vdl of the first switching 
element FETl overshoots above the value Vin due to the 
energy generated- On the other handy the coil portion FN2 
generates the same magnitude of the voltage in the polarity 
opposite to the coil portion FNl, with the result that the 
drain voltage Vd2 of the second switching element FET2 
undershoots. This overshoot is actually difficult to 
suppress completely. Fig. 2 shows the state in which the 
overshoot amount is suppressed by the snubber circuits SCI, 
SC2 according to this embodiment, i.e*, it is suppressed to 
not higher than 2Vin where the first switching element FETl 
and the second switching element FET2 are not broken down. 

Next, with reference to Figs. 1, 2 and especially 
Figs. 3A, 3B and 4, the operation of the first and second 
snubber circuits SCI, SC2 according to this embodiment will 
be explained. Fig. 3A shows a charge/discharge path of the 
essential parts in the case where the first switching 
element FETl turns off from on state, and Fig. 3B a 
charge/discharge path of the essential parts in the case 
where the second switching element FET2 turns off from on 
state- 
In Fig. 4, VGl, VG2, Vdl, Vd2 designate the same 
voltage waveforms as described above, which undergo the 
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same change as described above and therefore will not be 
described below. Icl designates a current flowing in the 
first snubber capacitor C3 of the first snubber circuit SCl^ 
Ic2 a current flowing in the second snubber capacitor C4 of 
the second snubber circuit SC2/ Irl a current flowing in 
the second snubber diode D4 of the first snubber circuit 
SCI, and lr2 a current flowing in the fourth snubber diode 
D6 of the second snubber circuit SC2. 

(1) When the first switching element FETl is on while 
the second switching element FBT2 is off (period [1] in Fig, 
4) . 

During the period. [1] when the first gate voltage VGl 
rises to high level so that the first switching element 
FETl turns on while the second gate voltage VG2 drops to 
low level thereby to turn off the second switching element 
FET2, the drain voltage Vdl of the first switching element 
FETl becomes zero while the drain voltage of the second 
switching element FET2 becomes 2Vin. 

Under this condition/ the second snubber capacitor C4 
of the second snubber circuit SC2 is charged with Vc2 ^ Vin. 

This charge operation will be explained. In the 
state before the period [1] where the first switching 
element FETl and the second switching element FET2 are both 
off, the drain voltages Vdl, Vd2 are both at Vin. Under 
this condition, the moment the first switching element FETl 
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rises to on from off state and shifts to the period [1], 
the drain voltage Vdl of the first switching element FETl 
becomes zero, while the drain voltage Vd2 of the second 
switching element FET2 becomes 2Vin. As a result^ the 
second snubber capacitor C4 of the second snubber circuit 
SC2 is charged to Vc2 = vin by the current Ic2 flowing in 
the direction of arrow in Fig, 1. In this case, the second 
snubber capacitor C4 is charged in such a direction that 
one electrode thereof, i.e., the other end a2 of the 
primary coil FN of the converter transformer T assumes a 
high potential. 

(2) When the second switching element FET2 is kept 
off while the first switching element FETl turns off from 
on state described in (1) (at the time of shift from period 
[1] to period [2}") . 

At the instant of this shifty for the reason 
described above, the drain voltage Vdl of the first 
switching element FETl overshoots and tends to change to a 
voltage of 2Vin or higher, while the drain voltage Vd2 of 
the second switching element FET2 undershoots to about zero. 

As a result, the voltage at one end al of the primary 
coil FN of the converter transformer T rises to high level, 
so that the first snubber diode D3 of the first snubber 
circuit SCI begins to conduct. As a result, a charge path 
(closed circuit) LPl in the direction of arrow shown in Fig. 
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3A is formed of the first coil portion FNl of the converter 
transformer the first snubber capacitor C3 and the first 
snubber diode D3- The first snubber capacitor C3 is 
charged with the charge current Icl in the charge path LPl . 

On the other hand, the second snubber capacitor C4 of 
the second snubber circuit SG2 is charged to Vc2 = Vin. 
When the voltage at the other end a2 of the primary coil FN 
drops to about zero due to the undershoot, therefore, the 
voltage at the other electrode of the second snubber 
capacitor C4, i.e., the voltage across the joint b2 drops 
to -Vin.. As a result, the fourth snubber diode D6 begins 
to conduct, so that a discharge path (closed circuit) LP2 
in the direction of arrow shown in Fig. 3A is similarly 
formed of the second snubber capacitor C4, the second coil 
portion FN2/ the first smoothing capacitor CI, the fourth 
snubber diode D6 and the second snubber capacitor C4. Thus, 
a current Ir2 flows into the second snubber capacitor C4 
through the fourth' snubber diode C6, thereby discharging 
the second snubber capacitor C4. Consequently, the 
overshoot of the drain voltage Vdl of the first switching 
element FETl is suppressed by a voltage at which the first 
switching element FETl is free of breakdown. At the same 
time, the suppressed surge voltage is regenerated as energy 
in the first smoothing capacitor Cl. 

This energy* regeneration will be explained in more 
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detail. 

The first snubber circuit SCI and the second snubber 
circuit SC2 are not intended to eliminate the surge voltage 
completely, but to suppress the surge voltage to not higher 
than the withstanding voltage of the first switching 
element FETl and the second switching element FET2, 
respectively. In the conventional snubber circuit 
configured of a snubber resistor and a snubber capacitor in 
series^ most of the charge and discharge current of the 
snubber capacitor are converted into thermal energy and 
consumed by the snubber resistor. This consumed energy 
constitutes wasteful power consumption and reduces the 
power conversion efficiency, 

(3) Period [2] after transition of state (2) above 
During this period [2], both the first gate voltage 

VGl and the second gate voltage VG2 are reduced to low 
level, so that both the first switching element FETl and 
the second switching element FET2 turn off. Also, during 
this period [2], the drain voltage Vdl of the first 
switching element FETl and the second switching element 
FET2 are both Vin. 

(4) Period [3] after state (3) above 

During this period, the reverse to the period [1] of 
state (1) is true, and the second gate voltage VG2 rises to 
high level. The second switching element FET2 turns on. 



and the drain voltage Vd2 of the second switching element 
FET2 becomes zero, while the drain voltage Vdl of the first 
switching element FETl becomes 2Vin. Under this condition, 
the first snubber capacitor C3 of the first snubber circuit 
SCI is charged to Vc2 = Vin. 

(5) When the first switching element FETl is kept off, 
and the second switching element FET2 turns off from on 
state of (4) (transition from period 13] to period [4]). 

In this case, the operation is reverse to the state 
(2) above. Specifically, the drain voltage Vdl of the 
second switching element FET2 overshoots and tends to 
change to a voltage higher than 2Vin, while the drain 
voltage Vd2 of the first switching element FETl undershoots 
to about zero. 

■ As a result, the voltage at the other end a2 of the 
primary coil FN of the converter transformer T rises to 
high level, and the second snubber diode D5 of the second 
snubber circuit SCI begins to conduct. Thus, a charge path' 
{Closed circuit) LP3 in the direction of arrow in Fig. 3B 
is formed of the coil portion FN2 of the converter 
transformer T, the second snubber capacitor C4 and the 
third snubber diode D5. In this way, the second snubber 
capacitor C4 is charged by the charge current Ic2. 

On the other hand, the first snubber capacitor C3 of 
the first snubber circuit SCl is charged to Vcl = Vin. 
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Therefore, when the voltage at one end al of the primary 
coil FN drops to about zero by an undershoot, the voltage 
of the other electrode of the first snubber capacitor C3, 
i.e. the voltage across the joint bl drops to -Vin. As a 
result, the second snubber diode D4 begins to conduct- 
Thus, a discharge path (closed circuit) LP4 in the 
direction of arrow as shown in Fig. 3B is formed of the 
first snubber capacitor C3, the first coil portion FNl, the 
first smoothing capacitor CI and the second snubber diode 
D4. In this way, a current Irl flows into the first 
snubber capacitor C3 through the second snubber diode D4, 
so that the first snubber capacitor C3 is discharged and 
this discharge energy is charged into the first smoothing 
capacitor CI. Consequently, the overshoot of the drain 
voltage Vd2 of the second switching element FET2 is 
suppressed to such a voltage as not breaking down the 
second switching element . FET2, while at the same time the 
suppressed surge voltage is regenerated as energy in the 
first smoothing capacitor CI . 

According to this embodiment, the discharge current 
from the first snubber capacitor C3 and the second snubber 
capacitor C4 of the first snubber circuit SCI and the 
second snubber circuit SC2, respectively, are charged to 
the first smoothing capacitor Cl. The charge stored in the 
first smoothing capacitor Cl is reused as a current flowing 



in the converter transformer T on the next occasion when 
the first switching element FETl or the second switching 
element FET2 turns on. 

As described above, according to this embodiment, the 
Instant the first switching element FETl or the second 
switching element FET2 turns off from on state, the 
overshoot of the drain voltage Vdl, Vd2 thereof is 
suppressed below a predetermined voltage, while at the same 
time regenerating the suppressed voltage as energy, thereby 
improving the power conversion efficiency. 

Fig. 5 is a general circuit diagram showing a push- 
pull converter according to another embodiment of the 
invention, and Fig. 6 shows operation waveforms in enlarged 
form of the essential parts of the circuit shown in Fig. 5. 
In Fig. 5, the component parts corresponding to those in 
Fig. 1 are designated by the same reference numerals, 
respectively, and will not be described below. The 
configuration constituting the feature of this embodiment 
lies in that a capacitor is connected in parallel to each 
of the second snubber diode and the fourth snubber diode of 
the first snubber circuit SCI and the second snubber 
circuit SC2, respectively. 

In Fig. 6, Icl, icl' designate the current flowing in 
the first snubber capacitor C3 of the first snubber circuit 
SCI in Figs. 1 and 4, respectively, and Irl, Irl' the 
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current flowing in the second snubber diode D3 of the first 
snubber circuit SCl in Figs. 1 and 4, respectively. Though 
not shown in Fig. 6, the current Ic2' flowing in the second 
snubber capacitor C4 of the second snubber circuit SC2 
shown in Fig, 5 is 180 degrees out of phase from the 
current Icl', while the current Ir2' flowing in the fourth 
snubber diode D6 of the second snubber circuit SC2 shown in 
Fig. 5 is 180 degrees out of phase from the current Irl' . 

In the circuit of Fig. 5, the instant the first 
switching element FETl and the second switching element 
FET2 turn off from on state, the current Irl', Ir2' , 
respectively, for energy regeneration begin to flow, 
resulting in a correspondingly faster suppression of the 
surge voltage. For this reason, a MOSFET having a superior 
performance is desirably used for the first switching 
element FETl and the second switching element FET2. 

According to this invention, the energy loss is 
reduced for suppressing the surge voltage thereby to 
improve the power conversion efficiency. 
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